


1991; Jackman et al., 1995], whilst the lower energy fluxes
remained at moderate levels (>10 MeV proton flux peak
1860 pfu while the >100 MeV protons peaked at 652 pfu),
making the January event the hardest and most energetic
proton event of Cycle 23 so far.
[9] Figure 1 presents the ionization rates in the atmo-

sphere caused by the precipitating protons. These ionization
rates have been calculated using GOES-11 proton measure-
ments for the January 2005 SPE period and algorithm based
on Reid [1961]. The figure shows that the greatest ioniza-
tion takes place between January 17–18, and January 20,
when the ionization rate peak is below 50 km.

3. Model Results

[10] Two model runs were made for the period of January
15–24 using the SIC model (version 6.7.2., for a model
description see Verronen et al. [2005]). The first run was a
basic model run for January conditions without any proton
forcing. The second run included proton forcing calculated
from the GOES-11 proton flux measurements. The model
point is (70�N, 0�E) in both runs. Analogous to Verronen et
al. [2005] and Clilverd et al. [2005] the model electron
densities were used to model low frequency radio wave
propagation during the study period and compared against
observed changes in trans-polar radio signal behavior, to
verify that the SIC model electron densities have a right
response to the proton precipitation. The model and mea-
surements of the low frequency radio wave signal ampli-
tude on the Maine (NAA) to Sodankylä, Finland, path (not
shown here) show a good agreement indicating that the
SIC model captures the solar proton impact on the
ionosphere.
[11] Figure 2 shows the HOx, NOx, and O3 model

response to the proton precipitation. The event of January
17 causes greater than an order of magnitude increase in
HOx between 60–75 km but the enhancements recover
shortly after the events. NOx enhancements of >200%
(>20 ppbv) are seen at altitudes 50–80 km continuing
beyond the end of the modeling period. Greatest ozone
depletion (>70%) is seen in the model during twilight and
the nights of January 17–18, and January 18–19 between
70–80 km. Examination of the loss rates from the model
indicates that the ozone depletion happens through HOx

chemistry. At 72 km altitude where the tertiary ozone

maximum is located the main ozone loss takes place
through reactions with HOx, the NOx reactions being of
little consequence with two orders of magnitude smaller
loss rates.
[12] The January 20 hard proton spectrum event causes

HOx to spike at stratospheric altitudes but is quickly
recovered after sunrise at the model location. This event
has no apparent effect to ozone at the lower altitudes as the
ozone loss at those altitudes is determined mainly by NOx

chemistry and the relative NOx production from this event is
not significant in the middle and lower stratosphere.

4. GOMOS Measurements

[13] The GOMOS ozone measurements presented here
are from the period January 1–24. On January 24 an
instrumental anomaly occurred and measurements were
temporarily stopped. For this study we use only GOMOS
dark limb (night-time) measurements from the Northern
Hemisphere (GOMOS ground processing prototype, GOPR,
version 6.0c) from occultations where the star temperature
was >10000 K. The total number of measurements used is
more than 2100. The error of the retrieved ozone profiles
depends on the star temperature and magnitude. The accu-
racy in the mesosphere is best with hot and bright stars for
ozone, the error estimates being of the order of 1% (40–
70 km), and 5% (70–90 km). For the zonal mean profiles
used in the present study the accuracy can be roughly
estimated to 1% below and 2% above 75 km.
[14] Figure 3 shows the zonal mean ozone mixing ratio

[ppmv] in the Northern Hemisphere for altitudes 30–90 km
before (January 9–15, top) and during the SPEs (January
16–24, bottom). The tertiary ozone maximum is observed






